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( * ft m t a * m. &. *a ts ^ • n % & & % • ^ te, $p «■ ^ * % ) 
^ ttfagfj : ^IPC ^11 : 

* - &m&M : ( tx/«x) 

METHOD AND RELATED APPARATUS FOR CONTROLLING CALIBRATION FOR A STEPPING 

MOTOR 



JR - t ft A : (i 1 a) 

AM^t-©-*!*.^?!/ VIA Technologies Inc. 
ft^A : (tX/$X) iSfcu/WANG, HSUEH-HUNG 

#JbW*f^f|i'tJE.SS-i=.=.Sfe^^/ 8F, No. 533, Chung-Cheng Rd. , Hsin-Tien 
City, Taipei Hsien, Taiwan, R. 0. C. 

B # : ( t X/^5C) t¥R@/TW 

# - : (* 3 A) 

*± ^ : ( tX/^i) 

1. *-t/CHAN, Y I -CHUNG 

2. £%*/LEE, JACKY 

3. *Mt*/LIN, ALEX 

1. ^Jtm#Jr^^t jtag-i=.=.Sfe^^/ 8F, No. 533, Chung-Cheng Rd. , Hsin-Tien 

City, Taipei Hsien, Taiwan, R. 0. C. 

2. £Jb*Mfr£Tfr + AS&i=.ift>M*/ 8F, No. 535, Chung-Cheng Rd. , Hsin-Tien 

City, Taipei Hsieri, Taiwan, R. 0. C. 
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& ib&#r& ifr t JLSg-i =. iftyVfc/ 8F, No. 535, Chung-Cheng Rd. , Hsin-Tien 
City, Taipei Hsien, Taiwan, R. 0. C. 

f : (t^A) 1. + *R.H/TW 2. t¥R.@/TW 3. t#&®/TW 



r 



□ ^ * # ft ^ * *i * $ — + « 9 - m □ * - t - # «, £ ^ # 



v 



IfcRHtttL- taat (itbd); fit a ; t*fH**t 

1. £B ; 2003/3/27 ; 60/457,880 

2. 

3. 

4. 

5. 

l. 

2. 




.-<. isy itr is. 
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w^gt^mtz % -ft ja ^^c. - 



The controlled stepping motor is electrically connected to a 
controller and a load. The method includes utilizing the controller 
to output a control signal to the stepping motor according to a target 
displacement and a first index parameter, utilizing the stepping 
motor to move the load according to the first control signal, 
uti 1 izing the control ler to calculate a di f f erence between the target 
displacement and an actual displacement of the load, and utilizing 
the controller to generate a second index parameter for updating the 
first index parameter according to the first index parameter, the 
difference, and the actual displacement. 



100 > 102 - 104 - 106 - 108 



9 



. #i£.%i£ (stepping motor) + > ©jita 

• #it.^it^f^€*J (brush) » JMM&djj^?- (stator) 
_L*iM± (pole) (rotor) • 0 jtb 

^ it- • S, it M — At it # ^ 15] 4L 4. ^ f # ^ . it |fr >v 4£ J| f 1$ it 



' #i?pf &>¥)i!r®L% (stepping angle) • ^^^-it.^it 
-T JL&#£*t4fcf£ 3fe ifij £ <M§ #j Pi JBL&4b ' -&Sfc&J&&*fc. @ fo^r 
* A^/kitb - ^^X#^^r^f , J-^i4^le.lH^ > #it.%itTaiti^ 
Waasg. (open loop) #j3r^3U§S^ > g) *t eifc (feedback) 

■f-^H^f-M ^#^7 (holding torque) » /9f .^i£&E# J 

^S^IsJiJo-sr^^^-sr^^iB. ^(variable reluctance type) « ffi^g 
VR^l ' i^il (permanent magnet type) • ffi^PM^ » «M 
^ (hybrid type) » t *^/^^#it,i,ii|5] PM^l^it 
,s,it^ VR^!#it^it^^fi > @ifc#^a^r*t*^«.ffl o ^f^PM 

3^i4|.£,i£ ' VR 32 # i& i£ ' ' ^^^mffl^f^ 

tfj&ftf^** ' itb^h ' *^#it^it^#^^Jl#^ll^/f f ^ ' IS jtb 



10 



(user interface, UI ) 12 > — }£#'J€5& (controller) 14 • — ^gft? 



16 ' 18 • «A-f«MI (power supply) 20 ° 

(programmable logic controller, PLC) _L • J.-feffl-fr® 12 
^**TilJ — i^P^4" (high-level command) 22 .£.^#4 14 » f*J*o 

10 Stjt^— (optical disk drive) t« 
#£#'J — tft^il (pick-up head) ig^f##i ( track seeking) » 
mibtiLftitft 12 »TjL#^/tS#^^^LitWtfLl#^f'Jf:^ 14 » ft 
^f'J€5g- 14 »T^ife*ItR.at 24 JU4S*'J«B*&^ag. 16 > £J *» 3£ #J *&. 
14^4tm^^^^LiiWtfLffij^^^iStiiJfe#f (step pulse) 

(direction) tfL&£.mftj%3& 16 » ffij3§f&^5& 16 -f£^n&#:}£$'jm 
5fe 24 itj f;>/r L 26 a^i^#it.S,it 18 » #Ep*Jffl 't^ 26 li^^-f- 
3Lmfe_Lffi (winding) JX££.#rS£*fcJ#iM6 • #r 



m&ttjM-mt&st^fag. > ,tb*h ' .ig^t^- 1 6 $fr ib t >7tl 26 /9f 
#; * «i*<fM& H 20 o 

— Aflo-T ' 16 ^$/j^jt.S,it 18 #Hfcffl (#i 

^a^^iti£#^^#i4il##) J-X^^it.S,it 18^^^I*#^T;A^ 

^it^it 18 #}^&t£ ' Sikb^f-Jf s& 14 °Tf5:^-#M^it (index 
parameter) 3U£ ;t i£ ,i, it 18 flrf- H ^#M£f'Jtfl$ii 24 

14 fm#-*t idxtrk - J.JSS$fr«S&. 16 

4Lflfeflf*t idx |&Sf gsJHf ^^Itotlfc trk #j ttfrj Sj|# » # £p 
idxtrk=idx/trk - IS *b • g >frfA,i£ k &$b£_$kiH k+m » 

H'J*£*ij[fJ- M. idxtrk Sp^T#£o#f tMftt idx 4 idxtrk*m » S 
itb^i£.£,i£ 18 *^ftT«St&1|S5^i**feiitk^Jfe5.*iilt k+m-^ffij • 
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^^B^^ttf^^JlaSlM^ — ##it.S,it (stepping motor) 
$ - m #-*t - t£ a # £ 4b # HI IS Bfr £ 4b * rTn J. ± - ^ — as 
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^SI^it^it^fK^tft*) ' ifefla^Sfc^J^^L^S £°&#ft#it.S> 

itm ej m& sLm.fr ^ <t&m $ f * ° 

i 

ffl » ^it^it^f'J&M. 30 ^^^-^f'Jt^32 ' — ^- it. ^ it 34 ' £K 
A- It 36 ° fe^-Jt^- 32 3U£ f '] ^ it -S; it 34 &j'&<ftufyft) 

teMMtfj % n$L% 36 • ^w&n • ^-^'^.Mjit^M^m, 30 mm^-^t 

it 4$ *»J «, 30 it ffl ^ - #^ H ( scanner ) _t • fl«J i |£&SE 36 Epi^ffl 

4 38 • -.§g^^4 40 • -iiS&Hi 42 ' WA-it«4 44 • 
X 38 -^JS#-*t*.*&*^*lmSfcf'JSBft^ JL 40 ' ^^JSB*&«.t 

40 «.«L^ti&4S*«J tllSfcm**- S 4 ^sstfr & jft|t 4 36 J. 

RH&#* ° itsftlti 42 fl'Jffl 3MftiWiSiri3Hfc#* • i£ 13 1f BNM£ 
*#3f-tflrftt#4fci44« ' tf#^i44«^/t#^^^#i 

#C JL ^ it it ^£ f 'J 3" ffl ^ Ifl ~fft ^ ^ it Mj it ^ *>] & 

M.30 ' Siib^it.s,it^^J^.^ 30 i#7i##f^#i:«i& • &&WtiL 

% % *. 36 JL £i£ l-^i^ir $ #J * -*£*«J«L5fc : 
1 02 : *J It i 38 ifc tfc $ - i£ % 'J SUSfe « it it 34 g 
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A^-E&^4i? ujiiMt^ 106; ^I'J ' it^ff 108; 

#^106 : tf^-^^utj-n—^-=~mm^$^^m^-nm^$i - 

#^108 : &t]&3:38^#t2E#~1tm#& ■ 

tfsfr^^HM X -b^it k tiL&M.$h,m. k+m a#3M/ut k+m • # eptf ^Sl 

m i dx trk [ K ] *M f # «t p it -S, it 34 «H£ ft 3? SJt 
m #]#ii£ ( ^ --fi^i) ' &#JJ££. 38 Steffi #j«t$c idx • 

^^p^-^^jmf^ ioo)° Mr?n ' ^mrmiC • ^-it^it 34^ii^ 
ih^j^-^Pim^^m^jpit^^t 34 > 34 Mm 

& $iilt k 4$-%%3L k+n • # t| g SH S J. <t *h it n 1® M — 

fa&ir io2)° tf>it^ ' tnnmmr^^mft^ • £-##f^ 

iwnmtf$±-M.4Ltf)%~&& J t °tft^mH^ • tf^|t^44#!:b$t 
#.-^f 9 1^A'J^x^^^ : ^f^jEI^^---f ; ]-Bs^ti: (^MU04)° tfrj3L& ' 

•of (disc eccentricity or disk run-out) ^H~f^tt 
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S##ii£k+m ' m#it.S,it 34 ^^T^^^^^#liL## - mAk • 
3M^H£^T$t*!rl £pK05gi& (close loop) (track locking) # 

# 4U3E*J*t & m& £ i k+m • & £j f£tfc ' £ J£ % — 

J® 108) ; ^^itb > &%-fa&f[&i&%—4SL&%;^ri\&jML§[&jfci&& 

#iit k+n Ats-fe^ S ##Ut k+m *b • ^i&.^i£ 34 6^t^^^i^^ g 
Jit % - M & * it # ^ P i& <S> it 34 a -fiU&ii k+n ^ i£ a # IA.it 

k+m ' ®tbtf%.$LM. 44 % ~n?&^ittxi$Sk-&M 

idxtrk' ' =idxtrk' +Ai 
trk =idx/ idxtrk' 
trk+Atrk=idx/{ idxtrk' +Ai} 

3fr#sJUl) t • idxtrk' @ itfa£$'J)£S. 38 W&ffl (ftSHS^tt > 

rfn idxtrk' ' &^&SL&tf}M?&$~M. • ^^h ' Ai • 
^ (2) t ' *f-J&4M& idxtrk' #^«xtt idx (fj-m&^'JmSfe) ftfca 
lAittttrk (ftB^##) o ^^i^ (3) t 38 fc#tJlMlr£fc 

idx *,li^^-it.S,ii 18 ' it^tf g^5f^60^it^t#^ trk+Atrk > # 

idxtrk' ^jt idxtrk' ' & ' mM^^M. 



%A (1) 
^ (2) 
(3) 
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idxtrk' Ifrg-A (2) tfiZLA^r idxtrk' ' fo%1fcBfkm& 
idx l$-a#iit#£ trk+Atrk • ' Atrk #, Js,— S «#Li3S/fiiL#4# 

^^^#/Lit*tA^g#*/Littt trk - M'J^ff-liLit^^p^ trk+Atrk ; 
%Lib ' #&f'J3t 4 38 J&flfit idx m^^^Uttt'J^ @ 
trk ' mtU^&m?^ trk-Atrk - (2) (3) T# 

iU*g^t iAi #^±idxtrk' *[ Atrk/(trk±Atrk)] ■ PfjUMfcffilt * 

Ai rfij-T ' ^*B«*ti3t^*A^1iri^*L5S:4it^4 ' *'J*g'flr*Ai 0 
^ Dft » ailbjr+BS^^t idxtrk' ' i&;t'fr*;S**f-«&#-*t idxtrk' ; & 

' S] itbf+ as i dxtrk' ' & & AfcM - a £ $-$t i dxtrk' ° # 4" it- 
— Bfc JMiL TH ' fl'J A i # JE & 

Ai =±idxtrk' *{(Atrk-TH)/[trk±(Atrk-TH)]} 

**$fcW t ' tt#&4 44 »T^— tt^tfLSt^S IS (digital signal 
processor, DSP) $L%L4fMM^&tf)tt%-MtiU£- • * W 6d W 
' HUb— ^ffiit ' (fraction) » fc| 

idx 10 JMSt&^i£.%it. 18 af » M. <k &] $ks£$k. trk 200 > #f«. 
Mt.asMiSp^ 10/200 > #*S&temft&ffigtefli£ftiMas*& 
(fixed point architecture) a^ . 4^&#'J+ > t+#i& X 44 #*tf # 

^S€*Ai ' # Bp ± idxtrk' *[ Atrk/(trk±Atrk)M . Sgg 
( 2 15 ) #-*t idxtrk' $MSflr4AI • 

(register) t » £#4 #-fiit# A-^^iic ( sign bit ) • 
01111. Ill • UAt^^^^Tte.l^^^i'h'CI.J'X— itte^.^^ 

llili.iii ' 0irti^**|i*^6(i'fit7c.*.te.#'h*t«p^ > giZ&fatfL 
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^«*#HB^ t!4S ^^iffit^^ (round error) j& »r t& Jl. 

(truncation error) • S i£4r £ ^W3^t£#Jtf^M& • _Li£iiM& 
t^^^^^ff^^^^rt^^f^f 1 ^^^^^^^^ (precision) « S 
ifct i£ ffl t£ # # H t & ffl *- £ # 4fc it fc$fc 'J- ^ #J 

^Miffr # Ai ' &4SL 7L45L& (left bit-shifting) #4*>ft 

^i^itmidxtrk' *[Atrk/(trk±Atrk)]#ji£# • tfra^ig##ji&*iL 
t^^fHfiHf #Ai ° ' 1tm%*£l&.%, 2 I5 af . I>J 

*f*Jt*441Tl*i/tf*«tt#3$.A IDXTRK' =IDXTRK' +AI » *t 
IDXTRK' ' Bp^ 2 !5 *idxtrk' ' 'IDXTRK' 2 ,5 *idxtrk' -MA 

I 2 l5 *Ai - tf>i* ' m^^it^t^m^^m^ih'^fr^m^ 
\mx%\%%%^ mt%Ltf)&%~&%> 200 > -m&&%, 2 15 > jM£#jit 

4 38 Uftm&^it IDXTRK' mntelkh 2586 • ^Bp«^^^ife 
^ «i£;fT#JMfr 'feMi 38 #H£ffl IDXTRK' 2586 • 

^M^nmm&^k (40000 #0 #j##JMt • a 1 =2 15 *Ai • 

A 1= ± I DXTRK' *{(Atrk-TH)/[trk±(Atrk-TH)]} 
=±2586*{(Atrk-200)/[40000±(Atrk-200)]} 

£^ 40000 it A^Atrk-200 » 0 itb 

AI=±2586*[(Atrk-200)/40000]= ±(Atrk-200)/15. 4663 
=±gain*[(Atrk-200)] 

a *t#J&$&&iLjN-Jfc#-*t IDXTRK' ttiisrm&t ' fl'J3* illi gain ^ 
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Jt^'J^ 1/15.4663 - teJSDb ' 1* SS 3* Sfe*Mft ( 1024 #A) 
• EUbAI -T*^: 

A 1= ± I DXTRK' *{(Atrk-TH)/[trk±(Atrk-TH)]} 
=±2586*{(Atrk-200)/[1024±(Atrk-200)]} 

%m*-1& 1024 Jft££ 200 #l#«JM&;f^3£. ®&blfc^J?M 
Bfe^-m ( 200 #ffiUN4fc#T ' AI 

A I=±2586*[Atrk/(1024±Atrk)] 

®& 1024 itA^Atrk • tffj^AI *P«.£ 

A I=±2586*(Atrk/1024)= ±Atrk/2. 526=±gain*( Atrk) 

® ibt&LifttiLSLM?&$-&. I DXTRK' . u-Jif gain >sb 

;t$**M/2. 526=1518^4-^^ Mm®tea-$i( 1024 $k)M3&&-k$k( 40000 
*l) #>±f Jiii.gain > #Ppi%^iHj£.#Jb*fiiilL gain /J^ 1/15. 4663 > 
# Sp -t 4Mt HE tiLJE-M fl« I DXTRK' jM* . ft 'J^ 1/15. 4663 
6$ *Uifc *# HAL gain «tf#AI • ft'J * Ifrjgfctfr #UL1S|- 

I DXTRK' ^j#^^^T^f*^Sl#^/f^-^WLit*ttrk^:^^ ' 4£#J3t 
^38#,^ffll^^JE.^BS^#i:IDXTRK' ftjMMMr &/*r4* fJ&WJm^-tt 
I DXTRK' ' #.tf £ di 3N-i&«*L53t*t trk m%ffm%t idx - JL*& dj tfcJlfMir 
it idx.^^#it.i;it 34 w^t^lt^sgj.^-^^^ittt^'fi^ ' I'm 
fl^^ittt^l^lAitti: trk ^^*^^^/h^^g^^tf. > #!?p«A;fr 
f IE BUMi. #J l£ E f*3 ' H fl6-srstf«J*£jL^SH^*t I DXTRK' # @ ft • EUb » 
«Jii&ift^ • #ft&J£jg. 44 fls^t I DXTRK' «£ib*m4M&. 

I DXTRK' ' > tt*AI T«.fflT^'J*^,AI= ±gain*[(Atrk-TH)] • 
£t*f iiH-gain ^(M£H*M^ 1/15.4663 #4feU3. • &Ti£#Hl# » 
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*t #■ 4t * 44 -fit /8 1/16 & iKHgain' 0& 16#.Jb 2 6i)t$tA 

4663 J-&*ti£ 15. 4663 #*fc/tt. • ft a fa & &. tI{Sl& (right 
bit-shifting) ^r^,Sp^r^ii.ftfi^^ 1 ±gain*[(Atrk-TH)]^it# • 
_L#ri& ' IDXTRK' ' #i££*p «T4t7F £ 

IDXTRK' ' = IDXTRK' ± gain*[(Atrk-TH)] 

& * )% &®. gain titft l/2 R ^^7f: » E>b^ig^Mf -rfltfll fa&>iSL$p 
R 4fc it 3r sfc #. it *b tf # ga i n* [ ( A t r k-TH ) ] J-X ft «.jL«m8.#-ifc 
IDXTRK' ttSMrafc^ • f*2- & ' ^5t«fe^J#^ffl^-ife^*lJiWfe*I 

ifc it& *■] & *fc & JL -t ' W-kp—ft&n ' 

4@ f £o ;&#r . 4s.# 93 jL # it .S, it f'J # JL - & f'J % 

f:4LPa1^J:#/J^ — Bfe-5?-^^,jL ' Sjtb^#^^JE-#ife.i,it-^Sf'J^ 
*T^^3fe^itJSS*&«^*c^i^^^i*^^iJP*£*!lJS&/7 ' ®4b 
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SI — & f *o^-i£,S, f'J &t,6\J tf ife S) « 



— 4^# 8 ^ ^it.S,it^f'J #1 #J 3& & 3" 7F t> Wl • 
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1. — ^^-ife^it (stepping motor) $>J 3- - t£#i£J%i£#i£.&;fr-- 

1£ # ill .^7 ill • 
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n J& # *t# « iSii£sL4SL& iuM.£.-ffimi & $ - St as ^ ffij 

(optical disc drive)' aJU£ £ :$k$t J^&^M&^tf ;gsJI 
(pick-up head) ° 

&±f&4SL&-lMtiLViLtk%SRftM'-&*%H (optical disk) _h^-?Ji;t#ii 

ill ° 

# _Lig^f — ##i (track seeking) ° 

4£-&l*t&3£ IS (digital signal processor, DSP) • ffl $LtfM-i% % jz-&m 

(fixed point architecture) - 

i2.*tt*fr-#-*»Ji&ffl£ ii ^aMus*]^* ' ^tmtm^AMB^a 

ftisfaT^fcft (right bit-shifting) R ^te/t^MMr mtk&iVkUiZ^^ 
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13. *ot n JM'JI£ffl# 1 3jj/9fil4L4£*J^r* • ^ttli^te^Jb^liUb 
(programmable) ° 

&t fi ( scanner ) • « & t& % jft E i & i£ 33 & ft. ( scann i ng 

module) ° 

a* w • 

— iisftUfi ' Jfl «i|.aftl*4£^JtR3fe^f ^lk^%%^ i&Zh^ikM 

16. t tMf- * 'J |£ ® # 15 Jl^it^^^i^-it.^it^^^Jt^ • #tanri&& 

17. *i ttf 15^^/fi4^f'i#it4it^^f'Jt^. . * 
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18. ^ttt##'J|E®^ 16 - 17 Jl^i^^^^J^it^it^^^Jt^ ' t^ft# 
Ifl 5£ & *E H a rSj ;£ fa it fa & R j® fa it #1 4f t$L {$, & i Bfc a f £ if # 
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